Purpose of the study is to identify the reason for the formation of the resistive factors in blood flow: inertial flow and turbulence in large arteries and increasing viscosity in the venous blood. Methods and Materials: Blood flow velocities were studied in the different sites of the large vessels in 35 normal adults (15 men, 20 women, age 21 -49 years) with the use of Magnetic Resonance Angiography. Blood radiodensity (HU) was measured by the CT scanner. Blood flow pulsatility, resistivity indexes were carried out with the Duplex US. Results: Resistive and pulsatility indexes for the ascending aorta are 0.96 ± 0.07 and 3.14. ± 1.7, abdominal aorta 0.91 ± 0.07 and 2.7 ± 1.3, carotid artery 0.74 ± 0.07 and 2.04 ± 0.53, pulmonary trunk 0.74 ± 0.11 and 1.49 ± 0.37, inferior vena cava 0.32 ± 0.21 and 0.69 ± 0.37. Blood radio density (in HU) in the ascending aorta is 57.3 ± 3.5, distal thoracic aorta 25.7 ± 3.1, and inferior vena cava 59.3 ± 3.3. Pulsation of the peak velocity is expressed at the external wall of the isthmus of aorta at the end of systole. Conclusion: Heart energy is stored in the elastic deformation of the blood cells and arterial walls, in kinetic energy of the blood flow, entropy of the system. Inertial blood flow due to the frequency dispersion in the arteries, transforms to the flow with the high fluidity in capillaries. Gibbs free energy increases, enabling spontaneous chemical reaction to proceed across the cell membrane. Process is altered in the venous blood. Changes in resistance express transformation of the energy in the substance.
Introduction
Consideration of hemodynamics is essential for a comprehensive understanding of the functioning of the circulatory system. Blood flow has a pulsatile distribution in cardiovascular system. Blood vessels and cells are viscoelastic, so classical hydrodynamics and fluids mechanics based on the use of classical viscometers cannot explain hemodynamics. Herewith, it is crucial to take into account a non-Newtonian feature of the blood, which is best studied in rheology and not hydrodynamics [1] .
To investigate blood flow, multidisciplinary study is necessary. Discussion can be made by the law of conservation, as they make it possible to predict the macroscopic behavior of a system without having to consider the microscopic details of the course of a physical process or chemical reaction. Underestimation of the circumstances, leads to the inadequate conclusions, for instance for the flow resistivity.
The resistance offered by the systemic circulation is known as the systemic vascular resistance or total peripheral resistance, offered by the pulmonary circulation-as the pulmonary vascular resistance. In a first approach, based on fluids dynamics, where the internal friction happens between continuous parallel layers of different velocities, factors that influence vascular resistance are represented in an adapted form of the Hagen-Poiseuille equation and depend on the vessel length, radius and the blood viscosity. In a second approach, more realistic and coming from experimental observations on blood flows, there is a plasma release-cell layering at the walls surrounding a plugged flow. These surrounding layers do not meet at the vessel centre in real blood flow. Instead, there is the plug flow which is hyper viscous because of holding high concentration of red blood cells [2] [3] .
There are many factors that alter the vascular resistance. For the straight direction, blood resistance varies depending on blood viscosity, plugged flow and on the vascular compliance. The effect of the increased resistance of a curved pipe causes diminution of the flux through it. It is found, that this distortion of the velocity profile is accompanied by larger pressure losses along the pipe than that occurs for the same flow with the symmetrical profile which is characteristic of a straight pipe. At very small Reynolds numbers, however, the difference is so slight, but for the ascending aorta Reynolds number, is 10,000; blood flow is turbulent and may contribute to a variety of pathophysiological effects [4] .
The presence of flow separation at arterial branching points and bifurcations is considered to be one of the forms of hydraulic disturbance. Swirling or rotating components of velocity may be induced by rapid turning of the flow direction as arteries bend and branching along their length. With this, flow becomes turbulent with the formation of eddies and chaotic motion which do not contribute to the volume flow rate and increases the resistance dramatically [5] .
Blood flow in large arteries is inertial. Inertia is the resistance of any physical object to change its state of motion; this includes changes to speed, direction or state of rest [6] . It is resistance to the stroke volume in systole.
Due to this, blood flow in human body is full of theoretical and practical controversy. There are lots of factors, which "prevents" the blood flow:
(1) Systolic blood flow in aorta is inertial, with the high Womerslays number.
(2) Blood flow in aortic arch and main pulmonary artery is circular, with the high turbulence and resistivity.
(3) At the arterial branching, flow separation increases flow resistivity.
(4) Increased blood viscosity in the venous blood.
Purpose of the study is to identify the reason for the formation of the resistive factors in the blood flow.
Methods and Materials
The velocity of blood flow was studied at the opposite walls of the aortic arch, ascending, thoracic, abdominal aorta and inferior vena cava in 35 normal adult subject (age 21 -49 year) with the use of Magnetic Resonance Angiography. Between the investigated gender groups (15 men, 20 women), there was no statistically evident difference in haemodynamic parameters.
The investigations were done on persons of Caucasian ethnicity. Volunteers had no clinically evident diseases or hemodinamic disorders.
Blood radiodensity (HU) was measured by the CT scanner at the different sites of aorta and inferior vena cava. To avoid densitometric alterations in CT scans, cases were chosen without calcification of the aortic wall, Figure 1 .
Blood flow velocity, pulsatility, resistivity indexes were carried out with the Duplex US on the large arteries and inferior vena cava.
Results
Peak flow velocity and acceleration in different sites of the aorta made by the Magnetic Resonance Angiography (MRA) are given in Table 1 .
Blood peak systolic velocity (Vps), pulsatility (PI) and resistance indexes (RI) done by Duplex US, Womerlay number (A) of the different vessels are given in Table 2 .
Mean velocity, end diastolic velocity and flow acceleration integrated in RI and PI. (RI = (peak systolic velocity − end diastolic velocity)/peak systolic velocity. PI = (peak systolic velocity − end diastolic velocity)/time averaged velocity). 
Differences in peak flow velocities between the Magnetic Resonance Angiogra

Discussion
Study of the pulsatile blood flow through the cardiovascular system in precise mathematical terms is insuperable because the blood viscosity is not constant, flow is not steady but pulsatile, vessels are elastic, multi branched conduits with the constantly changing diameter and shape.
Blood, as the cytoplasm and the ground substance in the human body, is thixotropic, non Newtonian fluid [7] . Thixotropy is a time-dependent shear thinning property-becomes thin, less viscous over time, when shaken or otherwise stressed (time dependent viscosity). It is the subject of the energy transmission and can by study by the conservation laws.
Energy can neither be created nor destroyed; rather, it transforms from one form to another. As the arterial blood flow is pulsating, it is reasonable to investigate blood motion as the momentum. Impulse is dimensionally equivalent to the momentum. The momentum of an isolated system is a constant. Momentum can be defined as "mass in motion". In elastic collision no kinetic energy is lost.
Interactions between hard mass spheres may be nearly elastic. Momentum is conserved in inelastic collisions too, but the part of kinetic energy converts to the other forms of energy. In the viscoelastic materials, because of weaker particle interactions, under the high oscillatory pressure, creep and relaxation occur [8] .
When the pulsation of the heart is taken into account, an elastic regime becomes clearly evident [9] . For the human circulatory system, energy transferred to the blood is partially stored in the elastic structure (erythrocyte, arterial wall), another part is dissipated by viscosity, heat and the remaining energy is stored in the kinetic motion of the blood. Blood inflow, can be described as a fluidized Α= √ transient inertial force/viscous force = L√ (ωρ/μ) = L√(ω/ν) [9] . L is an appropriate length scale (radius of a pipe), ω is the angular frequency of the oscillations, ρ-density, μ-dynamic viscosity, ν-kinematic viscosity of the fluid.
Inertial force is a force that resists the change in velocity of the object due to the mass. Viscous force is an internal friction of the fluids. The dynamic (shear) viscosity of a fluid expresses its resistance to shearing flows, whereas the kinematic viscosity is the ratio of the dynamic viscosity to the density of the fluid. The kinematic viscosity is sometimes referred to as diffusivity of momentum, analogous to diffusivity of heat and mass. When α is small (1 or less, as in capillaries), it means the frequency of pulsations is sufficiently low that a parabolic velocity profile has time to develop during each cycle, and the flow will be very nearly in phase with the pressure gradient and will be given to a good approximation by Poiseuille's law, using the instantaneous pressure gradient.
Beside this, in capillaries, Fåhraeus-Lindqvist effect occurs-huge decreasing of the blood viscosity only if the vessel diameter is between 10 and 300 micrometers. This is because erythrocytes move over the center of the vessel, leaving plasma at the wall of the vessel. Inertiality of the blood at the high Womerslay number represents not only the masses of compounds, but the interaction between them. In classical mechanics, the mass of a system of bodies equals to the sum of the masses of its constituent bodies. In relativistic mechanics the mass of the sum is not a physical quantity, i.e. the mass of the system is generally not equal to the sum of the masses of components and includes the binding energy, which depends on the nature of motion of particles relative to each other. Direct generalization of the concept of mass in hydrostatics and in hydrodynamics, includes such characteristics as the tensor moment of inertia, "body plus environment", mass displacement-adjoin mass and effective mass.
Greater the mass of the particles, higher the intermolecular attraction in a given volume and they will be less responsive to a disturbance. Materials with very strong particle interactions tend to be more rigid and resistant to deformation.
Interaction forces between the particles depend on the distance of action and in cases of the increasing inertiality, density of the substance can be increased. It can be effect of the contraction of long chain in organic substances.
Blood inertiality in the large blood vessels can be revealed by the other way:
Variation in volume, thickness and degree of compactness of imaging substances creates a pattern of various densities on the radiograph. In cases of slice constant thickness and volume, increasing of the blood radio density in proximal aorta (51-55HU) indicates increasing in compactness of the blood. It looks like a throm-bus, which has a higher density of 70-90HU, owing to the exclusion of serum from the clot and consequently increased electron density of the coagulum [10] [11] . High radiodensity near the heart can be associated with the erythrocyte aggregation. This phenomenon takes places in normal blood under low-flow conditions or at stasis. Rouleaux are caused by the presence of macromolecules, such as fibrinogen in blood plasma. Fibrinogen is highly elastic. In both, aggregation and coagulation the fibrinogen plays a crucial role. At low shear rates large aggregates lead to an increased viscosity, but by increasing the shear rate, the aggregates break up and the viscosity decreases to a constant high shear rate value. In the end of systole arterial pressure drops sharply and the negative pressure propagates distally. Anterograde and retrograde waves undergo interference and at the reflection dissipates aggregates blood cell, while on the vessel wall, pressure shears the endothelial layer and represents the main reason for the atherosclerosis. It is more evident at the end of the arterial flow circle sites [13] [14] .
At the end of the exrental wall of aortic isthmus, amplitude (high flow acceleration due to the increased stress) and oscillation frequency in the reflected wave is higher, than that at the initial part. Due to the frequency dispersion, flow separates [15] , Figure 3 .
Damage of the local wall in atherosclerosis can be explained by the wave vector of a plane wave. The wave vector points to the normal direction of the wave surfaces with the constant phase-wave fronts. At the external wall of the isthmus, angle of incidence in the wave vector decreases while the energy transmitted to Figure 2 . Rotation of the surface wave at the boundary. If two perpendicular waves have the same oscillation frequency (ω) and are in phase (φ), than all points the x-value will be same as the y-value, the output will be a straight diagonal line y-x. If the two waves are exactly the same frequency, but out of synch by φ = π/2, than one of the waves will be like a cosine and resultant output will be a circle (or ellipse if the amplitude of signals are different). The appearance of the figure is highly sensitive to the ratio ω1/ω2. For a ratio 2, and phase difference φ = π/2, the Lissajous figure is like-∞. (It looks like a 1S and 2P electron orbital). Figure 3 . Magnetic resonance angiography. Flow quantification. Blood flow at the end of aortic isthmus. Near the external wall, amplitude and frequency of the flow wave oscillation in the reflected wave is higher, than that at the initial, while in the distance from the wall, oscillation frequency is the same (a-d). At the end of systole, pressure drop is coincident with the systolic pressure wave reflection. In aorta Womerslay's number is high (inertial flow), velocity profile is flat, and flow wave lags behind the pressure wave-there is the phase delay. Due to the wave superposition, pressure at the boundary increases (b). Dashed lines-flow near the external wall (c). Refracted (transmitted) wave in the vessel wall has the same frequency, as the incidental wave. Difference in frequency of the waves, facilitate the structural disaggregation of the flowing mass, separation of the flow and shearing of the vessel wall (d).
the wall increases, Figure 4 .
Motion in the circle, forms pressure gradient towards the radius of the rotation and during the wave reflection, it facilitates the flow separation. It's same for the aortic arch and arterial branching sites. Due to the high turbulence, resistivity in the flow increases and the energy dissipates. Vortices line represents the wave reflection, displaced by the flow. In the arterial blood flow, Womerslay's number is significantly decreased distal to the high turbulence zones. Turbulence is not chaos, but the method for the distal flow facilitation. Pulsatility and resistivity indexes are decreases from the ascending aorta, to the distal arteries (Table 1 ). Statistically evident difference (P < 0.001) is noted from ascending aorta to the internal carotid artery and its branches, but not to the abdominal aorta (due to the more low turbulence). Blood pressure and Womersley's number sharply decreases in the arterioles.
According to the Womersley's number, changes in the ratio of the transient inertial and viscous forces from the ascending aorta, to the capillaries, changes 2640 times. Travelling time for the erythrocytes from the heart chamber, to the systemic capillaries is about 2 sec. The time is too short for a chemical reaction to take place. Regular changes in Womersley's number can be caused by the arterial pulse. Blood motion in the heart chambers is inertial (elastic) and the momentum of the system of heart-blood, just at the time of initial systole, becomes near constant. There is increase in efficiency of energy transformation from the contraction of heart muscle, into the energy of blood flow.
Arterial blood flow maintains the process of disorder of complex structures, leading to a global increase in entropy. Sum of the entropy changes in the system and surroundings determines whether a process will occur spontaneously or not.
Free energy enables us to express changes, that occur at a constant temperature and pressure (the Gibbs free energy), or constant temperature and volume (the Helmholtz free energy) [17] .
The spontaneous flow of isobaric-isothermal process is determined by two factors: enthalpy-H and entropy-S. The net effect of these opposing factors determines the change in Gibbs free energy ΔG-part of the heat, which can be used to do work in chemical reaction.
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T-Absolute temperature.
The nature of the Gibbs energy change gives an indication of the fundamental possibility of the implementation process. When ΔG < 0, chemical reaction can take place spontaneously, while if ΔG > 0, chemical reaction cannot proceed spontaneously [18] .
Entropy is the measure of the disorder or randomness in a closed system. But from the other hand it is number of microscopic degrees of freedom.
Enthalpy (H = U + PV) includes the internal energy of the matter and amount of energy required to establishing its volume and pressure. It is the energy that is available for conversion into heat at a certain constant pressure.
As the physical dimension, entropy is the amount of transferred energy, divided by the temperature, at which the process takes place. Its essence is easier to understand in melting of an ice: phase-change energy/enthalpy of fusion is the energy that breaks bonds between the molecules in the system (not chemical bonds inside the molecules), does not raise the temperature, but instead enables the molecules to break free to move as liquid-increases entropy. I.e. it is the energy for the structural transformation and cannot be used for work.
There is a close relation between the concepts of entropy and viscosity [19] , associated with systems of conservation laws. That is, the higher the degree of order in the microstructure, the lower the Voronoi entropy and the higher the viscosity [20] . Entropy represents the physical quantity that characterizes the degree of disorder, but regarding architecture of the substance, the entropy is the metaphoric attribute of fluidity.
Entropy usually increases when a liquid or solid dissolves in a solvent. Diffusion of the substances across the cell membrane will give them more space in which to move, with the result that the entropy, of the system is increased. Maximum entropy is achieved when the concentration of molecules is the same on both sides of the membrane.
Enthalpy and entropy are thermodynamic entities and are studied in laws of conservation. Conservation of energy, conservation of momentum persists exact for an isolated system and has far-reaching implications as symmetries of nature.
A particular consequence of the first law of thermodynamics is that the total energy of an isolated system does not change. It can only move from one form to another. On the microscopic scale all interactions are mediated through conservative forces. Energy is never "lost" in the microscopic realm of molecules, atoms, and subatomic particles. Efficiency for the energy transformation is extremely high. Microscopic systems are characterized by conservative forces and reversible processes.
On the macroscopic scale all interactions between systems include no conservative forces. The second law of thermodynamics imposes restrictions on the direction of thermodynamic processes and states that the total entropy of an isolated system always increases over time, shows irreversibility of natural processes and the asymmetry between future and the past. The mechanical energy of macroscopic systems will always dissipated as heat due to the friction/viscosity depending on to efficiency of energy transformation. Macroscopic systems are characterized by no conservative forces and irreversible processes.
During transformation from micro, to macro scale, system becomes more open.
In blood flow, as in the living organism overall, interaction between systems on the micro and macro scale persists simultaneously. In the circulatory system chemical energy of glycolysis transforms to the energy of the blood cell and the arterial wall deformation, energy of the blood flow and entropy of the system.
Wasting of energy is associated with all processes. It can be reduced, but can never be eliminated. Cardiac efficiency at the muscle work is normally about 20% -25%.
Inertial blood flow at the proximal aorta, transforms to viscous one in the capillaries. Structural changes of the blood are expressed in decrease of the Womerlay's number, dynamic viscosity and radio density. Not only Fåhraeus-Lindqvist effect takes part in it. Flow turbulence, due to the anatomical specifications of the arteries, with the frequency dispersion, in the distal arterial tree changes the entropy of the blood. With this, spontaneous reactions in the capillaries across the endothelial cell membrane become more favorable.
Entropy changes not only around the red blood cells, but also within them.
When oxygen-hemoglobin complex forms, inside the pumonary capillaries, the oxygen molecule is bound to an iron atom of the hemoglobin molecule-process of combustion. The binding of oxygen by hemoglobin leads to release of heat and increase of entropy in surrounding environment.
From the other hand, low oscillation with the reduced amount of the plasma in the venous blood, decreases entropy of the system and can affect the direction of the chemical processes. In venous blood an aggregation process is connected to the decrease of entropy. With this, In the vicinity of the metabolizing cells, the oxygen-hemoglobin complex breaks up to release oxygen. This is reverse of the oxygen binding reaction by hemoglobin. When it takes place, heat must be supplied from the surrounding environment, with a consequent decrease of entropy [21] .
Entropy difference is the main reason for the positive cooperativity in binding oxygen to hemoglobin and achieved through steric conformational changes of the hemoglobin protein complex [2] .
All the lymph from the lymphatic trunks flows into pulmonary circulation. Herewith, interstitial fluid within the alveoli originates from the pulmonary capillaries. Due to the negative pressure, greatest part is drained by the pulmonary lymphatic drainage and returned to the vascular system. Pulmonary and systemic blood circulations have the same blood flow value, since they are in connected in series. Blood distribution in the pulmonary circulation is about 1/9.3 th of systemic one. Pulmonary vascular resistance is only 1/10th of its systemic counterpart. Recirculation in the pulmonary interstitial fluid must be 9.3 times higher, than that in systemic, Figure 5 . Entropy can be increased in the pulmonary capillaries and facilitate cooperativity.
High entropy of lymphatic system affects the initial route by which tumors and infectious agents spread [22] , it determines the importance of lymph flow for the lipid absorption [23] and the spontaneity of the process.
Due to the all above mentioned, the main goal for the blood thixotropy and erythrocyte aggregation, is the energy distribution in the body, by the help of the arterial pulse.
Conclusion
Heart energy is stored in the elastic deformation of the blood cells and arterial walls, in kinetic energy of the blood flow, entropy of the system. Elasticity of the structure is conjunct with the effective mass of the system. Inertial blood flow due to the frequency dispersion in the arteries, transforms to the flow with the high fluidity in capillaries. Gibbs free energy increases, enabling spontaneous chemical reaction to proceed across the cell membrane. Process is altered in the At the entrance of the right atrium, lymph mixes with the venous blood and after the systolic oscillation; it flows to the pulmonary circulation. From the lung alveolus, oxygen dissolves in interstitial space and is absorbed by the red blood cells in capillary network around the alveolus. Oxygen initially dissolved in the blood serum, reacts with hemoglobin to form oxygen-hemoglobin complex. Blood volume of the systemic circulation normally 9.3 times higher, than that the pulmonary circulation. Pulmonary and systemic blood circulations have the same blood flow value, since they are connected in series. Angular frequency of the pulmonary lymph circulation must be 9.3 higher than that in systemic. venous blood. Changes in resistance express transformation of the energy in the substance at the time of the wave propagation.
